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Introduction

Marine beaches are occasionally contaminated by unacceptably high levels of fecal indicator bacte-
ria (FIB) that exceed EPA water quality criteria. Here we describe application of a recent version of
the software package Virtual Beach tool (VB 3.0.6) to build and evaluate multiple linear regression
(MLR) and GBM models to predict microbial water quality for selected marine beaches located in
the eastern U.S. and Puerto Rico. Both culturable and gPCR methods were used to measure FIB
(enterococci) concentrations at these beaches. Hydrometeorological and biogeochemical data also
were obtained concurrently. Our objective was to compare results from statistical analyses of
these data to compare marine and freshwater beaches in our date sets.

Methods

Results & Discussion

MLR comparisons.

Twenty-seven independent variables (1Vs) were found to be significant
across analyses at the seven sites. Water temperature, humidity, and
antecedent rainfall (typically cumulative over the past 48 hours) were
most often significant. Salinity/conductivity, UV and/or other measure-
ments of surface sunlight intensity, the number of birds seen on the
beach, turbidity, and absorbance also appeared in many of the analyses.
The gPCR model’s adjusted R? exceeded that of the CFU model for only
one of four data sets where nearly equal numbers of gPCR and CFU ob-
servations were taken. Comparisons of the MLR modeling results indi-
cate that, on the basis of adjusted R? values for predicted versus ob-
served levels of the FIB, model performance was better for the freshwa-
ter beaches than for the marine beaches (Figures 2-4). CFU results for

GBM comparisons.

The Generalized Boosted Regression Model (GBM, also known as a
gradient boosting machine) uses binary decision rules (grouped
together as a decision/regression “tree”) to arrive at predictions of a
response variable. For example, one such rule might be “If turbidity >=
15 NTU, increase/decrease the expected FIB concentration by some
amount.” The innovative aspect of GBM is that the algorithm doesn’t
solve for a single, complex decision tree: it builds a hierarchical set of
simple trees, with each subsequent tree fit to the residual error from
the previous tree. GBM avoids overfitting by developing each new tree
based on a random set of these residual values.

While each tree is a simple structure, the long, linear combination of
regression trees is more complicated. A negative aspect of a GBM
model is that the model cannot easily be inspected graphically or ex-
pressed mathematically — it’s something of a “black box.” What it lacks
in interpretability and transparency can often be made up in terms of
prediction accuracy. Another noted aspect of GBM, unlike MLR and
PLS, is that it handles non-linear relationships between the response
and independent variables (1V’s) without the need for transformations.
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GBM is best used on datasets with > 50-100 observations; instability
of the solution can occur on smaller datasets. The GBM method in
Virtual Beach uses an algorithm for determining an optimal decision
criterion for a fitted GBM model by striving for a balance between
true negative and true positive outcomes. The GBM routine will
not run if the dataset has no observations above the designated
regulatory standard, so the user may be best served by defining the
regulatory standard somewhere near the 75™ percentile of the
response variable distribution; this would provide a good number
of observations on which to base the choice of a decision criterion.
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